Rapid early growth in infants may influence overweight and CVD in later life. Both rapid growth and these disease outcomes disproportionately affect some ethnic minorities. We determined ethnic differences in growth rate (D standard deviation scores, DSDS) during the first 6 months of life and assessed the explanatory role of infant feeding. Data were derived from a multiethnic cohort for the Amsterdam Born Children and their Development study (The Netherlands). Growth data (weight and length) of 2998 term-born singleton infants with no fetal growth restriction were available for five ethnic populations: Dutch (n 1619), African descent (n 174), Turkish (n 167), Moroccan (n 232) and other non-Dutch (n 806). DSDS for weight, length and weight-for-length between 4 weeks and 6 months were defined using internal references. Infant feeding pattern (breast-feeding duration, introduction of formula feeding and complementary feeding) in relation to ethnic differences in growth rate was examined by multivariate linear regression. Results showed that the growth rate was higher in almost all ethnic minorities, with b between 0·07 and 0·41 for DSDS weight and between 0·12 and 0·42 for DSDS length, compared with ethnic Dutch infants. DSDS weight-for-length was similar across groups, except for Moroccan infants (b 0·25, P,0·05) after correction for confounders. In general, exclusive breast-feeding for 4 months was associated with slower growth for all three growth measures. Feeding factors explained, to a small degree, the higher weight and length gain in African descent infants, but not the higher DSDS weight-for-length in the Moroccan population. More research is needed to elucidate the underlying mechanisms of the high infant growth rate in Turkish and Moroccan infants.
Childhood obesity is a serious medical condition that affects children and adolescents. It is an epidemic health problem worldwide. In the USA, 17 % of children and adolescents (2 -19 years) are overweight or obese, and this number is still rising (1) . It is particularly troubling because the extra weight can lead to health problems, such as type 2 diabetes, high blood pressure and high cholesterol, that were once confined to adults (2 -6) .
Children from some ethnic minorities are more affected by overweight than others. Studies in Europe (7 -9) and in the USA (10 -12) have shown that ethnicity is a consistent correlate of childhood obesity; in the Netherlands, especially children from Turkish and Moroccan origin have the largest prevalence (25 -30 %) of overweight (7, 13) .
There is compelling evidence that many of the risks leading to obesity and its related disorders in adulthood originate in the earliest stages of life. Adverse environmental conditions in utero and during infancy (e.g. growth acceleration) can lead to negative health effects during the subsequent lifetime of the exposed individual (known as the developmental origins of health and disease hypothesis) (14 -16) .
Recent results of the Amsterdam Born Children and their Development (ABCD) study have shown that ethnic differences in overweight children already exist at the age of 2 years, with higher BMI for the Turkish and Moroccan children compared with the ethnic Dutch children (17) . Results of this study, as well as others (18) , suggested that weight gain in the first few months of life, which in turn may be affected by feeding practices, plays an important role in later life.
Both breast-feeding and the early introduction of complementary foods (, 4 months) are infant feeding practices that can have an important effect on growth (19 -22) . Nutritional studies into the growth pattern of breast-and formula-fed children describe that a long duration of part or exclusive breastfeeding can modulate growth in weight in infancy (21, 23) , and may reduce the risk of overweight in childhood (21) . Although previous studies showed inconsistent associations (24, 25) , late introduction of complementary food may have a beneficial effect on body fat percentage, blood pressure and adult weight (26, 27) . There is evidence that feeding patterns differ among ethnic groups. Breast-feeding is more common in Turkish and Moroccan mothers compared with ethnic Dutch mothers; however, Turkish and Moroccan mothers start earlier with additional bottle feeding (28, 29) . Furthermore, African American mothers in general have a shorter duration of breast-feeding and introduce solid food much earlier (30 -32) .
Nevertheless, it is unknown to what extent these feeding factors influence growth across ethnic minorities and whether they explain possible ethnic differences in growth.
Most studies use weight gain (absolute weight gain or weight-for-age) to define growth in infancy. The combination of weight and length measures reflects adiposity better than weight alone (33) . Relative weights are affected not only by adiposity but also by other factors such as skeletal width and muscular development. In addition, there are indications that infant feeding is not only related to weight gain but also to growth in length and weight-for-length (34) . The present study focuses on ethnic differences in growth in weight, length and weight-for-length during the first 6 months of life and the explanatory role of infant feeding. For this purpose, data from the ABCD study were used. Based on the previously mentioned literature, we hypothesise that the duration of breast-feeding and the introduction of formula and complementary feeding during infancy have an influence on infant growth in all ethnic groups, and that differences in infant feeding practices among ethnic groups contribute to faster growth rate in infants from non-Dutch origin. We assessed growth rate as gain in standardised weight, length and weight-for-length between 4 weeks and 6 months.
Methods

Subjects
The design and rationale of the ABCD study have been described previously (35) . In brief, between January 2003 and March 2004, 12 373 pregnant women were approached to participate in the study at their first antenatal visit to an obstetric caregiver (median 13 weeks; interquartile range 3 weeks). Of this group, 8266 (response rate 67 %) women filled out an extensive pregnancy questionnaire about socio-demographic data, obstetric history, lifestyle, dietary habits and psychosocial conditions (phase 1). Of these respondents, 7863 women gave birth to a viable singleton infant for whom information on birth weight and pregnancy duration was available (twins were excluded due to other development characteristics). Of these women, 6575 gave permission for collecting growth data and infant feeding information from the Youth Health Care files, and 5131 of them filled out a questionnaire about their baby (health, feeding and behaviour) (phase 2). Currently, data on growth and infant feeding patterns (breast-feeding, introduction of formula feeding and complementary feeding) from 5273 of these children have been digitised, and data collection is still ongoing. Phase 3 of the study started in the summer of 2008. Around 2 weeks after their ABCD-child's fifth birthday, mothers who initially gave permission for follow-up received a questionnaire about the child's health, development and behaviour. This questionnaire contained questions about the child's feeding pattern in infancy. Data collection is ongoing.
The study population for the present study includes 3702 mother -child pairs with a known feeding pattern (duration of breast-feeding and introduction of formula feeding and complementary foods) in the first 6 months, plus known height and weight data of the child measured at the age of 4 weeks (range 1 -10 weeks; mean 4·8 weeks) and 6 months (26 weeks; range 23 -29 weeks; mean 27·7 weeks), which are routine follow-up moments at these ages. After exclusion of children born at ,37 weeks gestation (n 194), the 10 % of children born small-for-gestational age (, P10; n 461) and cases with other missing values (n 78), the final sample for the analysis was 2998 children.
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the review boards of all Amsterdam hospitals and the Registration Committee of Amsterdam. Written informed consent was obtained from all subjects.
Measurements
Ethnicity was based on the country of birth of the pregnant woman and her mother to include both first (born outside the Netherlands) and second (born in the Netherlands, but with a mother born in another country) generation women (36) . After exploring the data by ethnicity, we found comparable growth and feeding patterns for the people from African descent (Surinam-Creole, Antillean and Ghanaian). Therefore, for the present study, we combined these children into one group 'African descent'. The study distinguishes between five ethnic groups: Dutch native (n 1619), African descent (n 174), Turkish (n 167), Moroccan (n 232) and other (Western and non-Western, n 806). Data on growth and infant feeding practices (breast-feeding, introduction of formula feeding and complementary feeding) were obtained from the Youth Health Care registration of Public Health Service in Amsterdam. Following a standard procedure, trained nurses measured weight and height on average twelve times between the ages of birth and 4 years (first measurement of weight took place at birth and length after 1 month of age). The primary outcome variable for the present study was D standard deviation scores (DSDS) for weight, length and weight-for-length. This was calculated as the SDS at 6 months minus the SDS at 4 weeks. SDS was defined by new internal sex-specific reference charts, based on data from the ABCD study (17) . The LMS (lambda-musigma) method was used to generate the reference curves. The curves were fitted using the Box-Cox power formula.
Besides the information about infant feeding from the Youth Health Care centre, we used the information on the infant questionnaire and the retrospective information in the 5-year questionnaire, which is described earlier, to complete our data about infant feeding. The intra-class correlation coefficient, an index of the reliability between the sources, ranged between 0·76 and 0·79 (P, 0·05), indicating that infant feeding can reliably be reported retrospectively after 5 years. We used the following infant feeding variables: duration of breast-feeding (none, ,1 month, 1 -3 months, 4 -6 months and .6 months); age at the introduction of formula feeding (none, , 1 month, 1 -3 months, 4 -6 months and . 6 months); age at the introduction of complementary food (, 4 months, 4 months, 5 months and .5 months).
Selected confounders were based a priori on earlier literature showing the influence on early growth (28, 37) . The prenatal confounders were maternal age (years), education (years of education after primary school: #5, 6 -10 and .10 years) smoking habits (no, 1 -5 or .5 cigarettes) during pregnancy, diabetes (no, pre-existent and gestational), hypertension (no, pre-existent and gestational) and pre-pregnancy BMI (kg/m 2 ) based on self-reported height and weight (, 18·5, 18·5-20, 20 -25, 25 -30 and .30), parity (0, 1 and $2) and maternal and paternal height (cm). Maternal weight and height and paternal height were imputed to complete missing data. The birth outcome covariates were birth weight (standardised for parity, gestational age and sex) and gestational age (weeks).
Data analysis
Demographic differences as well as infant feeding patterns between ethnic groups were examined with x 2 tests (categorical data) or ANOVA (continuous data). Linear regression was used to analyse the association between infant feeding and the three early growth rate measures: DSDS weight, DSDS length and DSDS weight-for-length. First, the three infant feeding factors (duration of breast-feeding, and age at introduction of bottle feeding and complementary feeding) were analysed separately, and second, the three infant feeding factors were combined in one variable to construct a combined infant feeding pattern according to Ong et al. (34) . The following categories were distinguished: exclusive breast-feeding for at least 4 months; breast-feeding combined with bottle feeding and/or complementary feeding before the age of 4 months; bottle feeding with or without complementary food at 4 months.
Ethnic differences in DSDS weight, DSDS length and DSDS weight-for-length and the role of infant feeding were assessed with multivariable linear regression. Analyses followed a rational hierarchical format. First, univariate analyses (only adjustment for maternal age was made) were performed. Subsequently, three models (forced entry) were built to assess the role of the potential explanatory factors in the association between growth in the first 6 months of life and ethnicity. The first multivariable model included, in addition to ethnicity and maternal age, the covariates (smoking habits, diabetes, hypertension, parity and parental height, living with partner, standardised birth weight and gestational age). The second model also included the feeding factors (duration of breast-feeding, and age at introduction of formula feeding and complementary food). Because both pre-pregnancy BMI and maternal education have an association with growth and feeding, the final and third model also included these factors to complete the analyses. Results are shown as b and 95 % CI using the ethnic Dutch group as the reference. Feeding factors were considered as explaining factors with a change in b of .10 % between models 1 and 2. Statistical analyses were conducted using SPSS version 17.0 (for Windows). A P value , 0·05 was regarded as significant.
Results
The baseline characteristics according to the ethnic groups are shown in Table 1 . Dutch women were generally older, higher educated, had lower BMI, had more first-born children and were in general taller than women of non-Dutch origin (P, 0·001). Turkish women reported smoking more often than other women, and African women were more often single (P,0·001). The infants from African origin had on average the lowest birth weight and shortest gestational age (P, 0·001). The weight and length gain per month was higher in all non-Dutch infants compared with the Dutch infants (P, 0·001).
The final group studied with data on growth and infant feeding (response group n 2998) was compared with the nonresponse group who completed the pregnancy questionnaire (n 3790; infants born pre-term and small-for-gestational age excluded). The groups were comparable with respect to almost all measured demographic and lifestyle variables (P. 0·05), with the exception of the Dutch mothers in the response group being older and taller and suffering more from gestational hypertension and less from pre-existent hypertension. The Turkish mothers in the response group were more often smokers, and the 'other' group was generally older and had more often gestational hypertension (all, P,0·04).
Ethnic differences in feeding habits
The initiation rate for breast-feeding was highest in the Turkish women (97·6 %) followed by the Moroccan women (92·2 %) and was the lowest in the Dutch women (83·6 %). The percentage of infants who received breast-feeding for at least 6 months was highest in the Turkish group (46·3 %) and lowest in the African descent group (23·6 %). Of the African descent infants, 76·4 % received formula feeding before the 4th month of age, followed by the Moroccan infants (67·3 %). The African descent infants received in general a short period of breast-feeding, and the Moroccan infants received a prolonged duration of mixed feeding. Early introduction of complementary food (,4th month) was mainly present in the African descent infants (10·3 %). The lowest percentage was found in the Turkish infants (1·2 %).
Infant feeding practices and growth rate Table 2 shows the infant feeding factors and the association with the three measures of early growth rate. It clearly shows that a shorter duration of breast-feeding is highly associated with higher weight and length gain (P, 0·01). The association with weight-for-length gain is also positive and significant, although less pronounced and became less significant after correction for confounders. Figs. 1-3 show the association between the combined infant feeding pattern at the age of 4 months and infant growth rate (weight, length and weight-for-length) for each ethnic group separately. In most groups, exclusive breast-feeding for at least 61·6  49·4  61·6  57·3  60·0 LGA, large-for-gestational age. Mean values were significantly different between ethnic origins: *** P,0·001.
4 months was significantly associated with the slowest growth in weight, length and weight-for-length. This pattern was less clear in the Turkish group; however, no infant feeding pattern £ ethnicity interaction was detected for any of the growth rate measures (P. 0·10).
Ethnic differences in D standard deviation scores weight DSDS weight was higher in the African descent (0·39; 95 % CI 0·25, 0·53), Turkish (0·41; 95 % CI 0·27, 0·56) and Moroccan (0·26; 95 % CI 0·14, 0·39) infants compared with the ethnic Dutch infants (Table 3) . After adjusting for potential confounders (model 1), the multivariable analyses showed a minor change in DSDS weight in all groups. The associations remained significant for the African descent, Turkish and Moroccan infants. After adding the feeding factors (model 2), DSDS weight decreased slightly in the African descent infants but remained significant. DSDS weight in all other groups increased and was significantly higher compared with the ethnic Dutch group. In the final model, model 3, DSDS weight decreased in all groups after adjustment for maternal pre-pregnancy BMI and education level (mostly due to the addition of education level) but remained significantly higher (African descent: 0·23; 95 % CI 0·09, 0·36; Turkish: 0·43; 95 % CI 0·29, 0·58 and Moroccan: 0·29; 95 % CI 0·16, 0·41).
Ethnic differences in D standard deviation scores length
All ethnic minority infants had increased DSDS length compared with the ethnic Dutch infants (Table 3) . We found the highest DSDS length in the Turkish infants (0·42; CI 0·27, 0·57).
After adding the potential confounders, DSDS length in the African descent infants showed a slight decrease (0·40; 95 % CI 0·26, 0·54 v. 0·34; 95 % CI 0·20, 0·49). DSDS length in all other groups hardly attenuated or even increased (model 1; Table 3 ). The same pattern was observed when adding the feeding factors into model 2. The final model (model 3) showed a slight decrease in DSDS length in all ethnic groups (mostly due to the addition of education level); however, the association between growth in length and ethnicity remained.
Ethnic differences in D standard deviation scores weight-for-length
There were no ethnic differences in DSDS weight-for-length in the crude analyses (Table 3 ). However, after adjustment for confounders, Moroccan infants showed higher growth rate in weight-for-length compared with Dutch infants (0·25; 95 % CI 0·08, 0·41), which was not explained by feeding factors.
Discussion
The present study showed ethnic differences in growth rate regarding faster gain in weight and length for Turkish, Moroccan and African descent infants compared with the Dutch, and in addition also in weight-for-length for the Moroccan infants. Their accelerated growth in the first 6 months of life, Table 2 . in contrast to our expectations, was not explained by feeding pattern during infancy. Only the weight increase in the African descent infants was partly explained by the shorter duration of breast-feeding and the early introduction of formula feeding. The unbalanced growth in the Moroccan infants (more growth in weight compared with that in length) may put them at higher risk for overweight and obesity in adult life. In general, we found that breast-feeding, irrespective of ethnicity, results in slower gain in weight and length during the first 6 months of life in all ethnic groups; however, in the Turkish infants, this pattern was less clear. There is increasing evidence that accelerated early growth has a positive association with overweight and obesity (18, 26, 38, 39) . For example, infants with postnatal catch-up in weight (SDS . 0·67) have a higher fat mass percentage at 6 months (40) . According to Botton et al. (41) , two periods in early life are associated with body composition during adolescence (8-17 years): the first 6 months of life and the period after the age of 2 years. We found ethnic differences in growth in the first 6 months with the highest weight and length gain in the Turkish infants followed by children from African descent and the Moroccan infants. These findings imply that these infants may have a higher risk for becoming overweight compared with ethnic Dutch infants.
We found associations between growth in weight and length and the individual feeding factors. Long duration of breast-feeding (. 4 months), and late introduction of formula feeding (.4 months) and complementary food (. 5 months) were found to be protective against growth acceleration in weight and length. When exploring a more combined feeding pattern, the present results (Figs. 1 -3) confirm the large and increasing body of evidence indicating a protective effect of exclusive breast-feeding above the mixed breast/formula feeding or formula feeding alone on growth during the first months of life (22, 23, 26, 42) . Comparable with the present study, Ong et al. (34) found that dietary energy intake at 4 months was associated with larger body weight SDS among formula-or mixed-fed children, but not with breast-fed children. Another study concerning BMI and early feeding by Chivers et al. (42) also stresses the importance of exclusive breast-feeding for at least 4 months. Comparable with the present study, Bulk-Bunschoten et al. (28) found that mothers from Turkish and Moroccan origin breast-fed more and with a longer duration compared with Dutch mothers. Yet, they introduced bottle feeding Effect of infant feeding pattern in the 4th month on D standard deviation scores (DSDS) for length. DSDS length adjusted for parental height, smoking during pregnancy, hypertension, diabetes, parity, living with partner, gestational age, standardised birth weight and ethnicity £ feeding pattern. , Exclusive breast-feeding; , breast-feeding with formula and/or complementary feeding; , formula feeding with or without complementary feeding.
earlier, which resulted in a longer period of mixed feeding as opposed to exclusive breast-feeding (28) , which was also observed in the present study mainly in the Moroccan and the Turkish infants. This may result in more growth acceleration in weight and length compared with the children who were exclusively breast-fed. This phenomenon was not present in the African descent women. These infants were breast-fed for a shorter period and had an earlier introduction of formula and complementary feeding. The Dutch health care system recommends introducing complementary food between the ages of 4 and 6 months. The present results, and those from other studies (22, 37, 43) , show that mothers from African descent are less likely to follow these guidelines and introduce complementary food earlier. This infant feeding pattern, e.g. early bottle feeding and complementary feeding, could result in the fastest gain in weight and length at this age.
The differences in feeding pattern that we found between the ethnicities (Dutch, Turkish, Moroccan and African descent) are remarkable, especially with regard to initiation and duration of breast-feeding and the introduction of formula feeding. This could be due to several factors. First, Turkish and Moroccan mothers may be influenced by the Koran, which commands a breast-feeding duration of 2 years. Second, previous results of the ABCD study showed that the attitude of the father and grandmother is an important determinant of breast-feeding behaviour in Turkish women in particular (44) . These results from the ABCD study show that women of Turkish origin were more stimulated by their relatives to breast-feed than the Dutch and Surinamese (African) families. Furthermore, environmental factors such as a workplace setting may interact with a mother's ambivalence about breast-feeding (30) . A study in the USA reported that , Exclusive breast-feeding; , breast-feeding with formula and/or complementary feeding; , formula feeding with or without complementary feeding. 0·0  0·0  0·0  0·0  African descent  0·40  0·26, 0·54  0·34  0·20, 0·49  0·30  0·16, 0·44  0·26  0·12, 0·41  Turkish  0·42  0·27, 0·57  0·49  0·34, 0·64  0·55  0·41, 0·70  0·50  0·34, 0·65  Moroccan  0·14  0·02, 0·26  0·25  0·12, 0·38  0·24  0·11, 0·37  0·18  0·05, 0·31  Others  0·12  0·05, 0·20  0·15  0·07, 0·23  0·16  0·08, 0·23  0·14 0·06, 0·22 DSDS weight-for-length
African American mothers were more likely to report that they had stopped breast-feeding in order to return to work, because their work conditions may be less hospitable to breast-feeding (45) . The ethnic differences in growth are not explained by feeding practices in our cohort and which applies especially to the Moroccan and Turkish infants. The question why these children grow faster in the first 6 months of life has not been answered. Other factors for which we did not account (e.g. quantity of the food or the type of formula feeding) may play a role in explaining ethnic differences in growth with infant feeding. To give additional formula feeding in the presence of complete breast-feeding is more common in Turkish and Moroccan women (28) . However, this is not likely to be the explanation for the present results, because the Turkish and Moroccan infants who received breast-feeding as well as bottle feeding at the age of 4 months (Figs. 1 -3) did not show the fastest growth rate. Another explanation could be a different composition of the breast milk resulting from different eating habits.
Alternatively, many studies have shown that intra-uterine growth retardation and being born pre-term are highly associated with accelerated postnatal growth (46, 47) . Results from our cohort have already shown that women from African decent give birth to children with the lowest birth weight, and that they have the shortest gestational age. We deliberately selected term-born children and excluded those with a birth weight below the 10th percentile to minimise these influences. Despite these selections, the African decent infants have the lowest birth weight and their high DSDS is the result of a low SDS at 4 weeks. Otherwise, there may be a genetic component providing the increased growth in the different ethnic groups (48) . Striking is that the tallest Dutch population has the slowest growth from birth to the age of 6 months in both weight and length. Although earlier studies describe that child growth is mainly influenced by socio-economic status and not by race or ethnicity (49, 50) , it is possible that there are developmental differences. For example, the fifth Dutch growth study found that children, both boys and girls, from Turkish origin have more length gain in the first year of life (girls: 75·6 (SD 2·5) cm and boys: 77·3 (SD 2·7) cm), compared with the ethnic Dutch children (girls: 75·0 (SD 2·8) cm and boys: 76·7 (SD 2·7) cm). During the second year, Turkish boys are still slightly larger, although the differences become minimal (51) . The strength of the present study was the large populationbased cohort, which included many non-Dutch participants who were followed from early pregnancy onwards. We selected healthy infants with a normal and appropriate pregnancy outcome to comprise a healthy study population, due to exclusion of pre-term born and small-for-gestational age children. Furthermore, we analysed growth in weight, length and weight-for-length and were able to include many known risk factors for early growth (37) . The present study is one of the first to investigate ethnic differences in growth in weight and length in infancy. Most studies in this area measure weight alone and are unable to differentiate between various ethnic groups. Nevertheless, we realise that some limitations should be considered. First, a part of our feeding data relied on parental recall. Most of the information that we used was collected prospectively, and our data were completed with retrospective information at the age of 5 years. Yet, an intraclass correlation coefficient . 0·75 is quite sufficient. Second, length during infancy is prone to measurement error. However, this error is not related to ethnicity or infant feeding, and therefore this will not bias the results. Our large numbers justify this error. Furthermore, our feeding data did not capture information about the quantity of the food and the type of formula and complementary food that was given to the children. Therefore, it was not possible to examine the energy intake of each child. It may transpire that mothers from Turkish and Moroccan origin give breast-feeding and supplement with formula feeding, which can lead to extra food intake and extra gain in weight and length (28) . However, we did not find faster growth of mixed-fed infants in our analyses compared with those infants who were formula-fed alone, thus could not confirm this hypothesis. Lastly, reverse causality could have created bias: infants with weight gain below their average curve trajectories may be deliberately supplemented with formula feeding or solid foods in an effort to reverse those trends.
In conclusion, we found high growth rates in weight and length during the first 6 months of life in infants from Turkish, Moroccan and African origin compared with Dutch infants. Although there were ethnic differences in feeding patterns, only in African infants could these patterns partly explain the higher growth rates in this group. The low prevalence of initiation of breast-feeding and the early introduction of complementary food in these mothers need further attention. More research is needed to elucidate the underlying mechanisms of the high infant growth rate in Turkish and Moroccan infants.
